tion. Extragenital lesions are being found in them in greater numbers (Degos 1958 , Hecht 1957 . (London) Mr M J Killingback Gangrene of the colon is a rare condition and was first described by Lauenstein in 1882 when he reported a case of infarction affecting the transverse colon. More common causes of gangrene affecting the large bowel are strangulation produced by intussusception, volvulus or hernia. This paper introduces seven cases of a fulminating gangrene affecting the large bowel. A description has not been previously reported in the literature.
Clinical Features
The patients were admitted to the Central Middlesex, St Mark's, Westminster and Woolwich Memorial Hospitals between September 1957 and March 1960. There were 5 females and 2 males aged 56 to 78 years. Their illness was severe, causing the death of 3 patients.
Their symptoms began with a sudden onset of severe abdominal pain, usually accompanied by peripheral cyanosis and collapse. Abdominal distension was noted in 5, 4 were diagnosed as acute pancreatitis until the serum amylase estimations were carried out, 2 others were thought to have generalized peritonitis and one other, intestinal obstruction with strangulation.
Laparotomy
Laparotomy was undertaken soon after admission in all. On opening the peritoneal cavity a foul odour was noted. There were large amounts of turbid free fluid. The most striking feature was the presence of patches of green gangrene scattered over the surface of the large bowel. The situation of these areas varied considerably from case to case (see Fig 1) . This gangrene was associated with an intense inflammation of the serosal surface accompanied by marked cedema in the bowel wall, mesentery and related retroperitoneal tissues.
;.,4 .Aj~~~~~~~~'1 The mesenteric vessels were adequately examined in Cases 2, 3, 5, 6 and 7, and found to be pulsating. In Case 6 some epicolic vessels were divided deliberately to assess the blood supply and vigorous bleeding occurred.
Cases 1 to 6 were treated by resection of the diseased bowel. Case 7 was treated by transverse colostomy alone.
Pathology
The gangrene on the external surface of the colon has been described as a patchy irregular change. Examination of the mucosa, however, revealed a startling contrast. The mucosa was swollen with cedema and was black-brown in colour. This change was uniform and extended over a much wider area than that affecting the serosa of the bowel. The mucosa was intact without ulceration (see Fig 4) .
Histological examination showed a selective necrosis ofthe bowel wall which almostexclusively affected the mucous membrane. In this layer the tubular glands had disappeared leaving in some areas only ghost outlines. The submucosa was Edematous and filled with inflammatory cells. The muscle layers were largely intact. Fig 5 shows the characteristic histological appearances. There was no histological evidence in the bowel wall or mesentery of vascular disease or vascular obstruction.
Case Report
Case 7 A male, aged 68, who had suffered from diabetes mellitus for seven years. He had also complained of diarrhea for twelve months prior to this admission to hospital. On this occasion he complained of severe generalized abdominal pain of sudden onset accompanied by vomiting.
On examination: He appeared very ill with peripheral cyanosis and was said to have impending peripheral circulatory failure. His abdomen was tender and generalized rigidity was present. On rectal examination there was a mass palpable at the limit of the examining finger. He was resuscitated with intravenous fluids and laparotomy was undertaken. Foul-sml1ing fluid was The patient made a slow but steady recovery and subsequent examination of the mass in the rectum revealed an adenocarcinoma at 13 cm. Two months after his original admission to hospital this tumour was removed when a restorative resection was undertaken. At operation the colon previously affected by the gangrene was contracted and stenosed. It was left in situ as was the transverse colostomy. The patient's recovery from this operation was rapid. He was readmitted three months later and subtotal colectomy and an ileosigmoid anastomosis performed. The specimen is shown in Fig 6: Fig 7 shows the atrophy of the mucous membrane and the extensive fibrosis of the submucosa.
Discussion
These 7 patients have suffered from the same disease which has varied in its distribution and extent throughout the colon. The mucosa appears to suffer the greatest disorganization, and in all cases this is associated with an intense inflammatory reaction in the sutmucosa. In some cases the necrosis was full thickness, and perforation would have seemed inevitable. In Case 7, however, where resection was not carried out, perforation of the small flecks of necrosis as seen on the bowel surface did not occur. This case has provided an opportunity to examine the natural history of the disease. The mucosa in the less-affected area such as the transverse colostomy recovered completely. Elsewhere mucosal atrophy and extensive submucosal fibrosis occurred producing an extraordinary stricture. .,Etiology The dramatic onset of gangrene suggested a vascular origin, but we had to revise our diagnosis when no evidence of infarction was found histologically in either the resected or autopsy specimen.
When considered more critically the cases have features which differ from those of infarction: (1) There was no hemorrhage into the bowel lumen or peritoneum; such hemorrhage is common in infarction.
(2) There were no predisposing factors to infarction such as ischkmic heart disease, cardiac arrhythmias, portal hypertension or recent abdominal surgery.
(3) Our cases were more dramatic in onset and more virulent in nature. Most of them were in hospital within fourteen hours of the onset of their disease, and all were operated on shortly after admission as acute emergencies. Infarction is often insidious: McCort (1960) describes 3 cases where operation was not performed until the second, third and twenty-second day. (4) Our patients were cyanosed and toxic and 3 were in peripheral vascular failure, whereas an acute infarct usually presents the picture of concealed blood loss. (5) The patchy, greenish gangrene of serosa with contrasting uniform, black, non-ulcerated mucosa is unlike the swollen, turgid, red bowel, oozing blood-stained serum, of hemorrhagic infarction.
Isolated gangrene of the large bowel is rare and we have only found 27 cases in the literature. However, owing to the kindness of Dr J K Rijs- (1959) and Mr C I Cooling (Cooling & Protheroe 1958) we have secured the pathological material from 7 of these and have compared them with our material. There are similarities, in that the mucosa bears the brunt of the ischemia and shows more necrosis than the other layers of the bowel wall. Ulceration of the mucosa is common in infarction but has not occurred in our cases. Also in infarction there is usually thrombosis in small vessels within the bowel wall. We considered the possibility of fulminating ulcerative colitis, staphylococcal enteritis, and pseudomembranous enterocolitis, but there are many clinical and pathological differences and our cases do not fit into any of these groups. This did, however, lead us to consider infection as a possible etiology. There were several factors which made this a possibilitythe intense inflammation of the serosa as seen at operation, the remarkable oedema of the mesentery and retroperitoneal tissue, the patchiness of the gangrene and histologically the intense inflammatory response with polymorphonuclear infiltration of the mucosa.
We therefore performed Gram stains of the histological material. We were surprised to find large numbers of organisms present in all 6 sections examined. The organisms were largely Gram-positive rods (Fig 8) . Their distribution was mainly in the deeper parts of the mucosa, at the site of the maximum polymorphonuclear inflammatory response (Figs 9 and 10) .
Gram sections of all our cases have been examined by Dr Alan Gray of the Central Middlesex Hospital. who is of the opinion that these organisms morphologically appear to be clostridia and most probably Clostridium welchii. Their presence in the tissues raises the question of whether they are primary invaders causing necrosis of tissue or secondary invaders of tissue already dead from some other cause.
We believe that they are primary invaders; this belief is supported by the presence of uniform, heavy colonization in the deeper layers of the mucosa, by the intense polymorphonuclear reaction, which is particularly marked around the colonies of bacteria, and by the contrast with Gram studies of infarcted material where infection must be assumed to be secondary. Here we were struck by the paucity of organisms which were mixed in type, mainly Gram-negative cocci and rods, and were situated almost exclusively in the superficial layers of the mucosa.
The concept of clostridial infection of the alimentary tract is not a new one. It causes diseases in animals (such as braxy, enterotoxxmia and lamb dysentery) and is responsible for occas- Fig ional wound infections following operations on the large bowel in man. Zeissler & Rassfeld-Stemnberg (1949) described a Clostridium welchii infection of the small bowel occurring in North Germany which they called enteritis necroticans. Fethers (1959) reported the only case of this disease in the literature from this country. He described gangrene of the jejunum which complicated haematemesis from a duodenal ulcer. The patient suddenly developed signs of a peritonitis shortly after admission and at laparotomy free fluid with a foul odour was noted and a 12 in. loop of jejunum was found to be intensely inflamed with 'greenish black patches of gangrene scattered over its surface'. The mesenteric vessels were found to be pulsating and resection was performed. He noted that when the resected specimen was opened the mucosal gangrene was seen to extend further than was apparent from the external appearance. Histological examination of the resected jejunum showed an acute inflammatory necrosis of the mucosa. Gram staining revealed large numbers of Gram-positive bacilli in the necrotic mucosa and a culture of the bowel produced a Clostridium welchii. This patient did not have diarrhea and there was no ulceration of the mucosa. Owing to the kindness of Mr York Mason we were able to obtain material from this case and Fig 11 is There is a striking similarity of clinical presentation and histological appearance between this case and our own.
We subjected the only tissue available (from Case 6) to anerobic culture. This tissue had been preserved in formol saline for six months, but from it was obtained a pure culture of Clostridium welchii Type A. This was a possibility because spore formation might protect the organisms from the effects of the formalin, but it is dangerous to draw firm conclusions from this isolated finding in rather exceptional circumstances.
Treatment
As the cause of the disease is unproven, treatment is somewhat empirical but our experience suggests certain principles. These patients are shocked and should have blood replacement before surgery. At operation, resection of the diseased bowel should be wide as the mucosal gangrene is more extensive than might be expected from the serosal appearance. A proximal and distal colostomy appears to be the safest treatment as leakage occurred from all primary anastomoses in our small series. It would seem reasonable in view of the possible infective nature to administer broadspectrum antibiotics and anti-gas-gangrene serum.
We have called this disease process necrotizing colitis because it emphasizes the two features of the pathology of the bowel wallthe necrosis of the mucous membrane and the intense inflammatory process in the mucosa. We suggest that the evidence strongly favours an infective cause even though we have not isolated the organism in culture. This hypothesis will be proved or disproved if future cases are recognized and immediate arobic and anwrobic cultures are taken from the wall of the bowel and its lumen.
